Keywords: miR-486-5p miR-486-3p long non-coding RNAs Xist Lung cancer Breast cancer Liver cancer A B S T R A C T Despite historically known as "junk" DNA, nowadays non-coding RNA transcripts (ncRNAs) are considered as fundamental players in various physiological and pathological conditions. Nonetheless, any alteration in their expression level has been reported to be directly associated with the incidence and aggressiveness of several diseases. MicroRNAs (miRNAs) are the well-studied members of the ncRNAs family. Several reports have highlighted their crucial roles in the post-transcriptional manipulation of several signaling pathways in different pathological conditions. In this review, our main focus is the multifaceted microRNA-486 (miR-486). miR-486-5p and miR-486-3p have been reported to have central roles in several types oncological and non-oncological conditions such as lung, liver, breast cancers and autism, intervertebral disc degeneration and metabolic syndrome, respectively. Moreover, we spotted the light onto the pleiotropic role of miR-486-5p in acting as competing endogenous RNA with other members of ncRNAs family such as long non-coding RNAs.
The story behind non-coding RNAs (ncRNAs)
Many distinctive ncRNA sequences are found in human cells [1] . Approximately 30 years ago in the 1980s, ncRNAs' misconception of being 'junk' transcriptional products has been changed to be considered as functional regulatory molecules [1, 2] . The first discovered regulatory ncRNA molecule was part of the MicF gene [1] . MicF RNA includes a stretched sequence that is complementary to the 5′ end region of the ompF mRNA (OmpF is a major component of the external layer protein of Escherichia coli) and was demonstrated to be a noteworthy player in bacterial cell physiology [3, 4] . MicF RNA was then found to have the potential to regulate various targets by means of various RNA/ RNA pairing [3] . Yet, the first discovery of the regulatory mechanism of the eukaryotic gene expression by ncRNAs was in the 1990s [1] . In 1993, the discovery of the first microRNA (miRNA), lin-4 in Caenorhabditis elegans by the Ambros and Ruvkun group has revolutionized the field of molecular biology [5] . While the first mammalian miRNA, let-7, was revealed 7 years later [6] . Since then ncRNAs and especially miRNAs were the main focus of several researchers until now.
ncRNAs were reported to participate in different cellular processes such as transcription, post-transcriptional modifications, and signal transduction networking [2] . ncRNAs are divided into house-keeping and regulatory molecules [7] . Firstly, the housekeeping ncRNA molecules includes the ribosomal (rRNA), transfer (tRNA), small nuclear (snRNA), and small nucleolar RNAs (snoRNAs) [7] . Secondly, the regulatory ncRNAs that can regulate the expression pattern of other coding transcripts includes long non-coding RNAs (lncRNAs) ≥200 nucleotides and short non-coding RNAs (sncRNAs) < 200 nucleotides as shown in Table 1 [7] [8] [9] . SncRNAs are divided into microRNAs (miRNAs), small interfering RNAs (siRNAs) and piwi-associated RNAs (piRNAs) [7] . However, antisense RNAs and enhancer RNAs (eRNAs) are intermediate-sized ncRNA molecules lying at the bay between both classes of lncRNAs and sncRNAs [7] . Furthermore, circular RNAs (circRNAs) have lately been identified as a promising class of ncRNAs involved in various biological processes and acts as an sponge for several miRNAs, hindering the miRNAs' effects on their target transcripts [10] .
MicroRNAs (miRNAs): Master-Maestro of the genome
As believed to be the heart of several signaling pathways, miRNAs are single-stranded RNA molecules, subclass from sncRNAs as previously mentioned (~22 nucleotides). miRNAs are branded to be the "Master-Maestro" of the genome where they were reported to posttranscriptionally modulate the expression of approximately 60% of the whole genome in animals, viruses, and plants taking over different metabolic and cellular trails [11] [12] [13] [14] are ranked as crucial regulators of cellular development and are incorporated in a diversity of biological fates [5, 15] . Extracellular miRNAs as well have been widely discussed as possible biomarkers for several diseases including malignancies and also serve as triggers for cell-cell interaction in several contexts [5] . Altered expression levels of miRNAs are accompanied with solid and humoral malignancies [15] , cardiac illnesses such as hypertrophy and ischemia [16] and mental disorders such as schizophrenia or severe depression disorders [17] . Hundreds of targets could be regulated by a single miRNA, signifying the multifaceted and combinatorial role of miRNA in regulating mRNA expression [14, 15] . The field of miRNAs is rapidly escalating providing more information about the functional characterization of each miRNA in each disease, thus partially solving the puzzle of multiple diseases' molecular pathophysiology.
miRNAs' biogenesis
The biogenesis of miRNAs is divided into canonical and non-canonical pathways [5] . It starts with the processing of RNA polymerase II/ III transcripts [18] . Approximately half of all presently known miRNAs are intragenic and mostly processed from introns and comparatively few exons of protein coding genes. While the rest minority of the miRNAs are intergenic, transcribed separately of a host gene and governed by their own promoters [5] . Often miRNAs are transcribed as a long transcript called clusters that may have comparable seed regions and are considered a family in that case [19] .
Canonical pathway
The canonical pathway of the miRNAs biogenesis starts with their transcription to primary miRNA (pri-miRNA) by RNA polymerase II in the nucleus [17] [18] [19] [20] . These primary transcripts are then processed by the Drosha & DiGeorge syndrome-critical region gene 8 (DGCR8), which produces the precursor miRNA (pre-miRNA,~70 nucleotide) [20] . More specifically, DGCR8 recognizes a pri-miRNA N6-methyladenylated GGAC, whereas Drosha cut the pri-miRNA duplex at the base of the pri-miRNA hairpin structure [21] . The pre-miRNA has a brief stem, which is recognized by the nuclear exportin-5 that facilitates its exportation to the cytoplasm as shown in Fig. 1 [17] [18] [19] . In the cytoplasm, Dicer RNase III induces the processing of miRNA duplexes [17] [18] [19] . During the cytoplasmic processing of the miRNA, TAR RNA- [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] binding protein (TRBP) and Argonaute (AGO) 1-4 co-operatively resolve the pre-miRNA processing and RNA-induced silencing complicated (RISC) assembly [17] [18] [19] . After miRNA duplex formation, one strand of the miRNA duplex is separated from this complex, leading to a single-stranded miRNA associated with RISC. But the question now is which strand is loaded to the RISC to form the functional regulatory miRNA-RISC complex?
The -5p or -3p strand choice is partly based on the thermodynamic stability at the 5′ ends of the miRNA duplex or 5′-untranslated region (UTR) at nucleotide position 1 [22] . The unloaded strand is named the passenger strand, which unwind from the guide strand (loaded strand) by different mechanisms dependent on complementarity [5] . However, recently some miRNAs violate this rule such as miR-486 where both miR-486-5p and miR-486-3p associate with RISC and act as functional regulatory miRNAs.
Non-canonical pathway
The non-canonical pathway of miRNAs' biogenesis is divided into Drosha/DGCR8-independent or D;icer-independent routes [5] . Drosha/ DGCR8-independent pathway includes splicing of mRNA introns and their conversion into mirtrons transcripts. Then Drosha/DGCR8 processing step is skipped, where those transcripts are directly transported to the cytoplasm via exportin-1 [5] . Alternatively, Dicer-independent miRNAs are handled by Drosha/DGCR8 from endogenous short hairpin RNA (shRNA) transcripts [23] . Since those transcripts are not long enough to act as Dicer substrates, in this case AGO2 takes the lead in their cytoplasmic maturation steps [24] .
Mechanism of action
Functional miRNAs bind to its target mRNA, where the "seed" sequence which is 2-7 nucleotides from the 5′ end of the miRNA complements to target mRNA sequences, known as miRNA response elements (MREs) [25] [26] [27] . miRNAs could bind to those MREs in 3′ UTR, 5′UTR, open reading frame (ORF) or its promoter region according to complementary base pairing rules [28] . Binding of the miRNA to its target genes' 3′-UTR could be perfect or imperfect complementarity and results in post-transcription silencing through mRNA destabilization, deadenylation,k de-capping and translational repression [5, 16, 17, 25, 29] . Binding of the miRNA to its target gene ORF needs almost ideal complementarity and results in mRNA degradation or cleavage [28] . However, the binding of miRNA to its target's promoter region induces transcription, while binding to 5′ UTR leads to either silencing or activation of target gene expression [29] . Reports suggest that each miRNA can control various mRNAs and that several miRNAs can target a single mRNA [30] .
Silencing mode
The induced silencing mode of the miRNAs to their targets mainly depends on the degree of MRE complementarity. It specifies whether target mRNA will be degraded or AGO2-dependent splicing of target mRNA will occur. A fully complementary interaction activates AGO2 endonuclease to cleave target mRNA [31] . The development of a miRISC silencing complex begins with the recruitment by miRISC for the GW182 family of proteins. GW182 structure helps in recruiting numerous effector proteins such as poly (A)-binding protein C which helps in the deadenylation process. Eventually, decapping occurs by the help of decapping protein 2 (DCP2) and derived proteins shadowed by 5′-3′ degradation [5] .
Activation mode
It has been reported that miRNAs could also induce the expression level of its target mRNAs not only inhibiting their translation [5] . Translation activation mediated by miRNA includes AGO2 and Fragile- Fig. 1 . Biogenesis of miRNA's Canonical Pathway and mechanism of action. The biogenesis of Canonical miRNA is the chief path by which miRNAs are processed. miRNA gene is transcribed in the nucleus to produce primary microRNA (pri-miRNA) that goes through nuclear cleavage to generate a precursor (pre-miRNA). PremiRNA is transported to the cytoplasm to be cleaved resulting in miRNA duplex formation. Formerly, the unwinding of miRNA duplex takes place followed by binding to the RISC complex to form a mature miRNA. Each base-pair of a mature miRNA binds to its target mRNA leading to a direct gene silencing through inhibiting translation or mRNA cleavage or mRNA deadenylation.
x-mental retardation related protein 1 (FXR1) rather than GW182. Several miRNAs, have been found to be connected with AGO2 and FXR1 to enable the transcription in the cell cycle arrest mode, yet they suppress transcription in proliferating cells [32] . For instance, miR-486-5p was found to induce one of its targets (Insulin-like growth factor-1, IGF-1) in non-cancerous natural killer cells [33] , yet it was found to repress the same target in cancerous liver cancer cells [34] . Also as previously discussed, other forms of miRNA-induced gene expression activation involves binding to the 5′ UTR of mRNAs throughout amino acid starvation [35] .
miRNAs as prominent players in the battle against malignancies
Being a multifactorial player simultaneously targeting several coding genes, this ranks the miRNAs as dominant players in the field of oncology [36, 37] . When a miRNA is able to target/repress several signaling mediators in the oncogenic signaling circuits, this nominates such miRNA to act as a tumor suppressor mediator [38] [39] [40] [41] . On the contrary, if a miRNA targets the chief tumor suppressor proteins and/or the cell-cycle checkpoint proteins, this nominates such miRNA as an oncogenic miRNA or an oncomiR as summarized in Table 2 [42] . The very first study that linked miRNA to cancer was in chronic lymphocytic leukemia patients [43] . Where miR-15 and miR-16 were found to be down-regulated [43] . One of the top miRNAs that were found to have a paradoxical role, acting as tumor suppressor miRNA or an oncomiR depending on the cellular context, disease condition, expression level of its upstream ncRNAs (lncRNAs or circRNAs) is microRNA-486. Commonly, miR-486 is refereed to miR-486-5p. However, it was reported in literature that miR-486-3p is also acting as a functional regulatory miRNA with aberrant expression in several pathological conditions. In terms of oncology, miR-486-5p was extensively studied in comparison to miR-486-3p. miR-486-5p was found to have a significantly aberrant expression in several solid malignancies such as hepatocellular cancer (HCC), non-small cell lung cancer (NSCLC), breast cancer (BC), esophageal squamous cell carcinoma (ESCC) and pancreatic cancer (PC) [44] .
miR-486: chromosomal location, behavior and functions
miR-486 is encoded by the MIR486-1 gene in the human genome. Its genomic location is on chromosome 8 (8p11.21) as shown in Fig. 2 . This region in the genome is called a deletion region having the most potent tumor suppressor genes [34] . As previously described, there are 2 mature miRNA strands originating from opposite arms of the same pre-miR-486 and are denoted with a -3p or -5p suffix as shown in Table 3 miR-486-5p and miR-486-3p shows a controversial role in various pathological conditions [45, 46] . In many forms of cancers, they could act as a tumor-suppressive miRNA through inhibiting the migration and invasion capacities of several cancers [47, 48] . On the contrary, miR-486-5p showed its oncogenic properties in other forms of cancers such as PC [46] . Moreover, miR-486-5p and miR-486-3p were found to have a high potential to act as diagnostic and prognostic marker in several diseases such as cancers and metabolic syndromes (MetS). On the national level, miR-486-5p was reported to act as a promising prognostic factor for major public health issues such as insulin resistance (IR) and elevated blood pressure (BP) among the Egyptian males [49] . Therefore this review focuses on the multifaceted miR-486-5p and miR-486-3p and its differential expression and mechanism of actions in several cancers and pathological conditions.
miR-486-5p role in different oncological phenotypes

Non-small-cell lung cancer (NSCLC)
NSCLC is considered one of the most prevalent types of lung cancer [50] . In NSCLC, miR-486-5p was reported to be downregulated in NSCLC patients and cell lines (A549 cells) [51] . This was believed to be related to the abnormal methylation of ANK1 promoter that harbors the same chromosomal location of miR-486-5p (8p11.21) [52] . miR-486-5p gene is located in the last intron of ANK1 [52] . Furthermore, miR-486-5p levels in NSCLC were directly correlated with the prognosis of the diseases where patients with low levels of miR-486-5p showed poor prognosis. NSCLC treatment protocol mainly includes Cisplatin as a potent chemotherapeutic agent [51] . However, the rise of Cisplatin resistance has become one of the main obstacles for effective treatment of NSCLC patients. miR-486-5p is believed to have a role in chemoresistance of several cancers [51] . This was explained by twinfilin actinbinding protein 1 (TWF1) which is a direct target gene for miR-486-5p in HEK-293T cells and plays an undisputable role in tumor invasion and chemotherapy resistance [48, 49, 51] . TWF1 suppression by miR-486-5p [58, 59] leads to increase NSCLC cell line (A549 cells) susceptibility to Cisplatin [51] . Moreover, miR-486-5p's role in managing Cisplatin resistance was investigated in vivo, revealing that miR-486-5p expression has increased the NSCLC tumor sensitivity to cisplatin treatment by reducing NSCLC tumor size in nude mice [51] . Hence miR-486-5p is considered to be an effective therapeutic agent in managing Cisplatin resistant NSCLC [51] . Grb2-Associated Binding Protein 2 (GAB2) is another direct target gene for miR-486-5p and it is usually up-regulated in numerous human malignancies [53] . GAB2 functions as a mediator for vital cellular processes containing proliferation and migration [52] . Forced expression of miR-486-5p in SPC-A1 and A549 cell lines leads to inhibition of GAB2, thus preventing the metastasis and progression of NSCLC [53] . Therefore, this shows the potential therapeutic and prognostic roles of miR-486-5p in NSCLC patients.
Lung squamous cell carcinoma (LUSC)
LUSC is the 2nd most common cancer among the world, yet until now it lacks a specific, reliable and detective diagnostic biomarker [54] . miRNAs are fortunately produced in extracellular fluids, which highly appoints miRNAs as easily detectable biomarkers for various diseases [5] . miR-486-5p is down-regulated in LUSC patients compared to healthy controls and it was found to be also down-regulated in LUSC cell lines such as NCI-H520, human bronchial epithelial cells and B(a)P malignantly transformed HBE cells which supports its ability to act as a diagnostic marker for LUSC [54] . Functionally, miR-486-5p regulates the aggressive oncogenic signaling pathway; PI3K/AKT/mTOR causing the hindrance of LUSC development [54] .
Colorectal cancer (CRC)
One of the main reasons for cancer-related deaths is CRC [55, 56] . The early detection of CRC using biomarkers could help to decrease the death rate through preventing the disease progression [55, 57] . Circulating exosomal miRNAs could act as CRC biomarkers [58, 59] . Some studies reported that the circulating exosomal miR-486-5p levels were highly low in locally advanced rectal cancer (LARC) cell line (LoVo cells) with a high metastatic grade. Additionally, other studies reported that miR-486-5p CRC tissues' expression was also highly repressed in early stage CRC patients [57, 60] . Collectively, exosomal miR-486-5p is believed to act as a circulating marker for high-risk LARC [57] . In an explanation for the reduced miR-486-5p expression in CRC patients and cell lines and similar to NSCLC, miR-486-5p expression was found to be lowered in CRC tissues and cell lines (HT29 and SW480 cells) due to hyper-methylation of miR-486-5p promoter [56] . On the functional level, forcing miR-486-5p expression resulted in suppression of CRC invasion both in vitro and in vivo by directly targeting pleiomorphic adenoma gene-like 2 (PLAGL2) which eventually represses 2 of the most vital oncogenic pathways β-catenin and Insulin Growth Factor 2 signaling pathways [56] . Collectively, miR-486-5p could act as a potential therapeutic and diagnostic biomarker for CRC patients [56] .
Breast cancer (BC)
BC is considered to be one of the most widely spread cancers between women worldwide [37] . miR-486-5p is one of the well-studied miRNAs in BC. It was found to be strongly down-regulated in BC patients and BC cell lines (MDA-MB231, MCF-7, SK-BR-3, and T47D cells) [61, 62] . Functionally, ectopic expression of miR-486-5p causes the repression of the oncogenes PIM1 and PTEN which eventually results in total abrogation of BC proliferation [61, 62] . Moreover, miR-486-5p also directly targets dedicator of cytokinesis 1 (DOCK1) which is directly fueling BC motility and invasion capacities through activating the Dock1/NF-ƙB/Snail pathway [63] . Thus miR-486-5p is found to repress BC progression, proliferation, migration and invasion potentials through targeting several oncogenes and affecting multiple signaling pathways simultaneously [63] . Nevertheless, miR-486-5p role in BC is not only restricted to the malignant phenotype of the disease. However, miR-486-5p also affects the tumor microenvironment conditions and the immunogenic profile of BC patients. It was found that miR-486-5p directly targets the immune-suppressive Interleukin-22 (IL-22), thus alleviating the immune suppressive nature of the BC tumor microenvironment [63] . Moreover, our research group has recently highlighted the potential role of miR-486-5p in inducing the activating immune ligands MICA, MICB and CD155 in order to increase the recognition ability of BC cells to the cytotoxic T lymphoctyes and natural killer cells in BC patients (unpublished data). Nonetheless, another study revealed the significance of miR-486-5p to serve as a useful marker for documenting BC high-risk patients [62] . Collectively, miR-486-5p could serve as a diagnostic marker for BC patients, potential therapeutic approach revealing the malignant phenotypic behavior of BC cells, alleviating the immune-suppressive tumor microenvironment and boosting the immunogenic recognition of BC cells by the immune system.
Hepatocellular carcinoma (HCC)
HCC is the most common primary liver malignancy and is a prominent contributor to cancer mortalities worldwide [64] . Our research group has found that miR-486-5p was down-regulated in HCC liver tissues and cell lines (Huh-7 cells), where its ectopic expression was found to block one of the most aggressive deregulated oncogenic signaling pathway in HCC patients. Moreover, miR-486-5p was also found to repress IGF-1R downstream signaling mediators known as mTOR, STAT3 and c-Myc [34, 61] . Moreover, miR-486-5p was also found to boost the chief l2player of the innate immune system which is the natural killer cells of HCC patients mainly through augmenting its killing capacity against HCC cell lines through inducing the expression levels of perforins [33] . Therefore, this shows the potential role of miR-486-5p in HCC where it dually acts as a tumor suppressor miRNA and an enhancer immune surveillance capabilities of HCC patients through directly increasing the cytotoxic potential of natural killer cells. 
Renal cell carcinoma (RCC)
RCC is a mutual kidney tumor in humans [65] . Surgical resection is a preferred choice in the early stage of RCC [66] . However, therapy resistance is the major obstacle in the late stage of RCC [67] . Therefore, it is important to find new targets in RCC treatment [68] . miR-486-5p expression is found to be lowered in RCC patients and cell lines (786-O, GRC-1, A-498, ACHN, Caki-2, 786-P, SK-RC-42, and Ketr3 cells) [47] . Forcing its expression leads to the inhibition of RCC cell proliferation and the increase of cell apoptosis through suppressing Transforming growth factor-beta 1 (TGF-β activated kinase 1) [47] thus crystallizes the tumor suppressor potential of miR-486-5p in RCC patients.
Gastric cancer (GC)/Esophageal squamous cell carcinoma (ESCC)
The highest incidence rates for GC/ESCC were found to be in eastern Asia, eastern and southern Africa. The late stage of GC/ESCC always has restricted treatment options. A recent study proved that miR-486-5p was chiefly presented in the cytoplasm of cells and its expression was reduced in the majority of ESCC and GC [47] . Phosphoinositide-3-Kinase Regulatory Subunit 1 (PIK3RI) and fibroblast growth factor 9 (FGF9) were found as direct targets for miR-486-5p in GC [47, 69, 70] . As previously described, a frequent characteristic in plentiful of human malignancies is the deregulation of the PI3K/Akt pathway leading to cancer progression [71] . FGF9 is secreted from cancer-associated fibroblasts that stimulate GC cells invasiveness [72] . Thus this nominates miR-486-5p as a tumor suppressor miRNA through repressing PI3KR1 and FGF9 in GC and ESCC cells [47] .
Papillary thyroid cancer (PTC)
The most severe malignancy of the endocrine system is thyroid cancer [73] . About 80% of the world's diagnosed thyroid cancers are PTC [74] . New studies have shown that KIAA1199 also plays a key role in the development of PTC inducing its invasion and metastatic potentials [74] . Moreover, KIAA1199 switched on several signaling pathways such as the Wnt/β-catenin and induces the enzymatic activities of matrix metalloproteinase (MMP), which relate to the epithelialmesenchymal transition (EMT) [74] . It was found that KIAA1199 is expressively up-regulated in PTC tissues with a negative correlation with miR-486-5p expression [74] . This study revealed that KIAA1199 is a direct target of miR-486-5p with and thus ectopic expression of miR-486-5p resulted in a marked repression of KIAA1199 mRNA and protein expression helping in averting PTC invasion and metastasis [74] . Another study unraveled another onogenic target of miR-486-5p which is Fibrillin-1 (FBN1) [75] and thus also confirming the tumor suppressor activity of miR-486-5p in PTC patients.
Ovarian cancer
Ovarian cancer is considered to be one of the utmost common gynecological malignant tumors [76] . Estrogen and progesterone are being secreted by the ovaries, where estrogen plays a dominant role in ovarian tumor growth and metastasis [76] . It has been found that the hyper-activation of estrogen receptor alpha (ERα) causes changes on the genetic and epigenetic levels in ovarian cancer cells [76] . ER signaling regulates the expression of Olfactomedin 4 (OLFM4) in ovarian serous adenocarcinoma. It has been proven that gynecological tumors especially serous adenocarcinoma tissues have aberrant OLFM4 expression [76] . Impairment of the expression of ERα-mediated OLFM4 facilitates malignant development of ovarian serous adenocarcinoma [77] . In ovarian serous adenocarcinoma, the down-regulated miR-486-5p potentially targets OLFM4 in SKOV3 ovarian cancer cell lines, repressing its expression level and activity and thus repressing ovarian cancer progression [76] .
Leukemia
Leukemia is known for its atypical blood precursor cells proliferation of myeloid or lymphoid nature [78] . Lately, studies have shown that miRNAs and lncRNAs could act as prognostic and diagnostic biomarkers for leukemic patients [79, 80] . miR-486-5p was found to be down-regulated in leukemic cell lines (K562, Kasumi-1, and THP-1 cells) [81] . miR-486-5p showed an interaction with the 3′-UTR of forkhead box O1(FOXO1) [81] . FOXO1 existence during oxidative stress leads to apoptotic cell injury [82] . Thus miR-486-5p ectopic-expression leads to an increase in the apoptosis of leukemia cells by targeting FOXO1 [81] .
Prostate cancer (PC)
The most common malignancy among men is PC [83] . Human PC gene expression profiling has shown several miRNAs involvements where miR-486-5p was on top of the list. On the contrary to other solid malignancies mentioned above and summarized in Fig. 3 , miR-486-5p was found to be over-expressed in PC tissues and cell lines (DU145, PC-3, and LnCap) [83] . miR-486-5p overexpression stimulates different oncogenic pathways through suppressing FOXO1, PTEN and SMAD2 [83] . Where PTEN and FOXO1 act as negative regulators for PI3K/AKT signaling straightly suppressing the proliferation [83] . Besides, SMAD2 acts as a tumor suppressor by taking part in the stem cell compartment of prostate cancer [83] . In vivo, it was proven that miR-486-5p acts as a oncomiR in PC, as it plays an important role in PC pathogenicity [83] .
6. miR-486-3p role in different oncological phenotypes
Oral squamous cell carcinoma (OSCC)
OSCC, is one of the world's deadly cancers, with a significant increase in incidence and mortality in the last century [84] . Betel quid chewing was acknowledged as a significant contributor to the incidence and mortality rate of oral cancer [85] . miR-486-3p expression was found to be down-regulated in OSCC [86] . Discoidin domain receptor-1(DDR1) is a tyrosine kinase and was reported to be up-regulated in OSCC tissues and cell lines (OEC-M1 and TW2-6) leading to tumor progression [86] . Fortunately, DDR1 was found to be a direct gene target for tumor suppressor miR-486-3p [86] . As it was mentioned above that ANK1 irregular epigenetic modifications could lead to suppression of miR-486-5p in NSCLC [86] . Accordingly, hyper-methylation of ANK1 promoter by DNMT3B which is found in arecoline (a major component of betel quid chewing) leads to a reduction of ANK1 and miR-486-3p expression subsequently leading to DDR1 expression [86] . Therefore restoring the expression of miR-486-3p in OSCC patients might lead to apoptosis of OSCC cancer cells and therapeutically alleviating OSCC progression [86] .
Lung cancer
As mentioned earlier, lung cancer is the most common malignancy worldwide. It is also the major cause of cancer-related death among males, and the world's 2nd leading cause of cancer-related deaths among females [87] . The matricellular glycoprotein thrombospondin-2 (TSP-2) is found to regulate numerous biological processes and play a dominant role in the development and metastasis of lung cancer [88] . Additionally, TSP-2 expression is strongly associated with lung cancer stage [88] . It was recently discovered that TSP-2 also stimulates osteoclastogenesis through the RANKL-dependent pathway and that TSP-2-mediated osteoclastogenesis encompasses the transactivation of the Nuclear factor activated T-cell cytoplasmic 1 (NFATc1) through repression of miR-486-3p expression [88] . Therefore, restoring the expression of miR-486-3p leads to the abrogation of TSP-2 effects and inhibition of osteolytic metastasis in vivo [88] .
Cervical cancer (CC)
Cervical cancer (CC) is the 4th common gynecological malignancy and the 2nd most common cancer in developing countries [89] . miR-486-3p expression is found to be reduced in CC besides being correlated with metastasis in those patients [90] . Extracellular matrix protein-1 (ECM-1) has been predicted and validated as a miR-486-3p target gene as shown in Fig. 4 [90] . Eventually, cell growth and metastasis were inhibited by miR-486-3p ectopic-expression [90] . miR-486-3p is a tumor suppressor miRNA and its induction is a possible strategy for inhibiting the development of CC [90] .
Laryngeal squamous cell carcinoma (LSCC)
LSCC is the world's 2nd most widely diagnosed head and neck cancer [91] . Since Circular RNA (circRNA) is a vital regulator of miRNA activity [92] . circRNAs is believed to have fundamental biological roles in the migration and development of cancer [93] . Filamin A (FLNA) is essential for organogenesis during development, due to its capability to induce cell migration through its actin-binding properties [94] . In LSCC tissues and cell lines (Tu212, SCC-2 and SCC-40), circFLNAs were found to be up-regulated and sponge miR-486-3p [93] . The results also showed that miR-486-3p reduced LSCC cell migration by negative moderation of FLNA protein level and its level of expression was associated with lymph node metastasis [93] . These outcomes recommend that miR-486-3p have an important role in LSCC migration [93] . Fig. 4 . The pleiotropic role of miR-486-5p in manipulating several target genes in different cellular contexts. miR-486-5p has several targets in different malignant and non-malignant conditions. It modulates the expression of several target proteins such as TGF-β activated kinase1, PTEN, DOCK1,IGF-signaling pathway, KIAA1199, FBN1, FOXO1, PI3K-AKT,SMAD2, FGF9, PIK3RI, TWF1, GAB2, OLFM4 and PLAGL2.
7. miR-486-5p role in non-oncological phenotypes
Metabolic syndrome (MetS)
MetS is a cluster of various interrelated cardiovascular (CV) and cerebrovascular disease risk factors including visceral obesity, insulin resistance (IR) and elevated blood pressure (BP) [95] . It was reported that the circulating levels of muscle-enriched miR-486-5p is declined in acute and chronic exercises due to metabolic changes throughout exercise and adaptation persuaded by training [96] . Another study reported the elevation of serum levels of miR-486-5p in metabolic syndrome Egyptian male patients draws a hypothesis that it could be used as an early biomarker for the diagnosis and prognosis of metabolic syndrome as previously mentioned [49] . miR-486-5p was found to be up-regulated in the plasma of patients having visceral obesity [49] . A high carbohydrate diet which is a cause for visceral obesity induces the expression of miR-486-5p [49] . On the molecular level, FOXO1 is an insulin mediator and was found to be targeted by miR-486-5p [81] . Thus upon connecting the lines, miR-486-5p could be used as a biomarker to screen obesity in children and thus reducing the risk of having diabetes in adulthood [49] .
Intervertebral disc degeneration (IDD)
One of the most common causes of lower back pain is IDD, which contributes to disability and social burden [97] . Recently, IDD therapies have been mainly aimed at alleviating pain symptoms, which only give temporary advantages rather than permanent cure [97] . Some factors have been attributed to the pathogenesis of IDD, including apoptosis of nucleus pulposus (NP) cells (Inner core of vertebral disc), loss of extracellular matrix and miRNAs dysfunction [98] . miR-486-5p expression was found to be down-regulated and FOXO1 was up-regulated in NP cells [62] . FOXO1 stimulates inflammatory cytokines and extracellular matrix degradation [99] . Ectopic expression of miR-486-5p leads to FOXO1 inhibition [99] . Consequently, miR-486-5p could lead to prevention of inflammatory responses, suppression of matrix degradation and apoptosis of NP Cells and thus radically alleviating IDD [99] .
Coronary artery disease (CAD)
Atherosclerosis is considered an inflammatory disease caused and/ or worsened by lipid metabolic disorders [100] . The development of atherosclerotic plaque in the coronary artery wall results in CAD [101] . miR-486-5p expression was found to be highly up-regulated in CAD patients [101] . Also, miR-486-5p expression was found to be elevated in a similar pattern as HDL2 [101] . Thus this study suggests that measurement of miR-486-5p along with some lipid-related biomarkers might be a tool in differentiating between stable and vulnerable CAD patients [101] .
Cystic fibrosis (CF)
CF is a genetic disease caused by mutations in the gene of cystic fibrosis conductance regulator (CFTR) [102, 103] . The Caucasian population's most prominent lethal genetic disease is the CF [102] . A significant clinical problem remains the phenotypic heterogeneity of patients with the same CFTR genotype [103, 104] . This has contributed to an ongoing research for new molecular drivers important to CF pathophysiology that could be an interest as biomarkers or therapeutic tools [105] . High throughput microarray was used to identify Extracellular miRNAs (EC miRNAs) in plasma of CF patients to be used as diagnostic markers [103] . miR-486-5p was the most deregulated EC miRNA differentially expressed in CF patients' plasma samples compared to healthy controls thus verifying its potential to act as a CFassociated biomarker [103] .
Congenital heart diseases
It was found that miR-486-5p is elevated in children with cyanotic as well as acyanotic heart diseases and increases the differentiation of CD34 + cells (upstream of hematopoietic differentiation) [106, 107] .
Thus, increased expression of miR-486-5p is thought to be a compensatory mechanism by raising circulating hemocytes to compensate for chronic tissue hypoxia [106] .
8. miR-486-3p role in non-oncological phenotypes
Heart diseases
As previously described the high stability of miRNAs promotes its usage as potential diagnostic and prognostic tools in several contexts [108] . miR-486-3p was reported to act as a promising biomarker in acute coronary syndrome [109] . It could discriminate between patients with stable ischemic heart disease and patients with three months of ST elevated acute myocardium infarction [110] .
Parkinson's disease (PD)
PD mainly affects the dopamine secreting neurons. Besides, it is characterized by the presence of Lewy bodies (accumulation of abnormal alpha-synuclein) [111] . miR-486-3p was found to be less expressed in PD patients, while Sirtuin 2 (SIRT2) mRNA was up-regulated in PD patients [112] . Where SIRT2 is a target gene for miR-486-3p, SIRT2 elevation was reported to deteriorate the motor injury and its inhibition reduces alpha-synuclein accumulation in U87 and SH-SY5Y cells [112] . Thus the overexpression of miR-486-3p inhibits SIRT2, consequently reducing alpha-synuclein induced neurotoxicity in PD [112] .
Autism
Autism is a neurodevelopmental disorder characterized by 3 characteristics in the Mental Disorders Diagnostic and Statistical Manual 5 (DSM-5): Loss of social communication, Limited interest, and Repetitive behavior [113] . AT-rich interaction domain 1B (ARID1B) is a mutated gene that is an autism spectrum disorder, also codes a factor for chromatin remodeling [114] . It was believed that miR-486-3p has an important role in autism, where miR-486-3p inhibition leads to an increase in the mRNA and protein levels of ARID1B in SH-SY5 cell line [115] . Thus miR-486-3p/ARIDIB axis acts as a revolutionizing pathway alleviating a vicious circuit of behavior disorders experienced by the autistic patients [116] .
Recurrent miscarriage (RM)
miR-486-3p expression was found to be reduced in patients experiencing RM [45] . However, in the peri-implantation period, miR-486-3p expression is significantly high directly correlated with the implantation capacity [45] . Thus upon miR-486-3p repression, implantation of embryos is affected and thus RM is directly associated with miR-486-3p abnormal expression [45] .
Deficiencies in fetal hemoglobin synthesis
Many miRNAs have been involved in the developmental progression of globin gene expression and in the reactivation of fetal hemoglobin (HbF)-related genes [117] . For adults, variable HbF levels can continue without medical consequences; more elevated HbF levels have a major impact on the incidence of certain hemoglobin disorders, such as sickle cell anemia and β-thalassemia [118] . Modern genetic studies concentrated on natural variation of the level of HbF expression in the human population established BCL11A as a new regulator of hemoglobin switching developmental control and silencing expression of γ-globin in adults [119] . In general, it has been stated that miR-486-3p is abundantly expressed in erythroid cells in the adult hematopoietic system, where miR-486-3p could inhibit erythroid differentiation by regulating TAL1 (SCL), a transcription factor involved in regulating erythroid-specific gene expression [120] . It has been shown that miR-486-3p specifically targets BCL11A mRNA and shows that altering the expression miR-486-3p controls the levels of BCL11A protein modulating the expression of γ-globin [120] . These findings show that miR-486-3p contributes to HbF control during adult erythropoiesis through post-transcriptional inhibition of BCL11A expression as summarized in Fig. 4 [120] .
9. Interplay between miR-486-5p/miR-486-3p and other ncRNA molecules
Recently the crosstalk between the ncRNAs has spotted the light onto the importance of investigating the upstream regulators of the upstream regulators (miRNAs) [36] . Competing endogenous RNAs (ceRNAs) is a new concept of networking and complex circuit that has been drawn connecting ncRNAs with each-others. Upon the discovery of other ncRNA molecules such as lncRNAs, circRNAs, pseudoRNAs, those ncRNAs have been positioned in an upstream regulatory role to the miRNAs acting through sponging the miRNAs and consequently derepressing the miRNAs' targets [60, 121, 122] . Lately, miR-486-5p has been highlighted to play an essential part of different ceRNAs circuits. For instance, miR-486-5p has been reported to be a direct target for the oncogenic lncRNA, X-inactive specific transcript (XIST). where XIST acts as an oncogenic lncRNA in colorectal cancer cells through sponging the tumor suppressor miR-486-5p and de-repressing (or inducing) miR-486-5p pro-invasive protein target, neuopilin-2 [60] . Lately it has been reported that XIST is not the solo-player in modulating miR-486-5p levels as also the lncRNA-DLGAP1-AS1 has been reported to be an oncogenic lncRNA in HCC that is able of sequestering miR-486-5p in Huh7 cells [123] . On the other hand, it is important to note that our research group has recently highlighted a dominant role of miR-486-5p in trimming the oncogenic activity of the lncRNAs H19 and MALAT1 (unpublished data). Nonetheless, as reported earlier miR-486-3p could also be the prey of circRNAs. In LSCC, circFLNAs were found to act an oncogenic circRNA also through impounding miR-486-3p and suppress its anti-tumor activity [93] . Collectively, those few studies highlight a clear research gap in connecting the lines between different classes of ncRNAs and the assembly of the ceRNAs circuits that when dys-regulated lead to several malignant and non-malignant phenotypes.
Conclusion
Unraveling the factors underlying the development and the progression of several deadly or life-threatening diseases such cancer, heart diseases and metabolic disorders remains a research priority for all scientists across the globe. In this review, we highlighted very important players from our point of view which are the ncRNAs. As ncRNAs have the potential to simultaneously affect the disease development, progression, aggression, metastasis in case of malignant diseases and the resistance to the conventional therapeutic approaches in several pathological conditions. miR-486-5p and miR-486-3p have been crystallized as 2 dominant players in several malignant and non-malignant conditions. miR-486-5p and miR-486-3p have been positioned in a very high rank with regards to its diagnostic and prognostic values. Yet still more studies on larger cohort of patients are needed to verify such conclusions. On the other hand, the escalating number of studies focusing on miR-486-5p and/or miR-486-3p in oncology had put them under the spotlight and promotes their therapeutic potential as promising tumor suppressor miRNAs with a positive role on the immune recognition ability and the alleviating of the immune suppressive tumor microenvironment in BC and HCC. Extensive studies are now concerned about implementing different strategies for refilling the miRNAs with tumor suppressive function such as miR-486-5p and miR-486-3p inside the tumors in cancer patients [124] . Fortunately, therapeutic strategies to manipulate miRNAs have advanced from laboratory to bedside in the short time since the discovery of miRNAs, with some productive phase I trials and continuing phase II trials [6] . One of the major challenges in the design of miRNA-based therapies is finding the appropriate miRNAs candidates or miRNAs targets for each type of disease. Other obstacles include developing miRNA delivery vehicles that provide the therapeutic candidate with higher stability and tissue-specific targeting, and limiting possible toxicity and off-target effects [125] . But the bright side of the story is that a very recent study has proved the success of delivering anticancer miRNA-loaded pegylated poly lactic-co-glycolic acid (PLGA) nanoparticles to target regions in deep organs in large animal models [123] . Therefore, this review highlights the promising role of miR-486-5p as therapeutic tools for HCC and BC in particular and hope to inspire scientists to unravel more extensive research about the role of miR-486-3p in different oncological settings to be able to have the full picture and also highlights the importance to focus on the other ceRNAs that could affect the levels and the activity of miR-486-5p and miR-486-3p in the cells.
